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Photorefractive treatment developing method for photorefractive 
surgery, involves adjusting prospective treatment based on induced 
deviations , to develop treatment which compensates the induced deviations 
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Abstract (Basic): WO 200234178 Al 

NOVELTY - A prospective photorefractive treatment is adjusted for 
a higher order or a lower order aberration, based upon a 
biomechanically or biodynamically induced deviation from the expected 
result for developing a treatment which compensates the biodynamically 
and biomedically induced deviation. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
following : 

(1) Higher order aberration correction method; 

(2) Regression effect lessening method; and 

(3) Refractive surgery system. 

USE - E.g. photorefractive surgery, for correcting higher order 
aberration in consideration of biodynamical or biomechanical responses 
of the eye . 

ADVANTAGE - Provides better objective and subjective evaluation of 
the eye . Enables modeling of eye for adjusting a treatment . 
procedure for vision correction. Provides non-limiting benefit by 
removing the effects of eye rotation that occurs when a patient 
changes from a sitting to a supine position. 
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Laser beam spatial intensity profile for refractive laser ablation system 
used in eye surgery, has flat portion extending for larger percentage 
of profile and rounded edge extending for small percentage of profile 
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Abstract (Basic) : WO 200128478 A2 

NOVELTY - The laser beam spatial intensity profile comprises a flat 
portion extending for a larger percentage of the profile and symmetric 
about radius of profile. A rounded edge continuous with the flat 
portion, is extended for a smaller percentage of the profile, until 



ablation intensity threshold is reached. The beam suitable for ablating 
eye tissue is projected to eye through the rounded edge. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following: 

(a) Laser system; 

(b) Aperture card for use in photorefractive laser system; 

(c) Method for providing laser beam 

USE - For refractive laser ablation systems and excimer laser 
ablation system used in eye surgery. 

ADVANTAGE - Reduces the stair-step effect of typical ablation with 
square-sided ablation profile. Flat top assists in steepening ablation 
sides, hence haze that results from square profile ablations are 
reduced. 

DESCRIPTION OF DRAWING (S) - The figure shows the laser refractive 
ablation system. 
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MULTI-STEP LASER CORRECTION OF OPHTHALMIC REFRACTIVE ERRORS 
CORRECTION PAR ETAPES SUCCESSIVES DES DEFAUTS DE REFRACTION OPHTALMIQUES AU 
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Detailed Description 

Claims 

Fulltext Word Count: 6635 



English Abstract 

A technique of refractive eye correction employs multiple steps to 
correct refractive errors in the eye . In the first step, gross 
decentrations of the refractive error are corrected, allowing the 
subsequent steps to be relatively symmetric in their treatment profile. 
Then, the eye f s refractive error is again measured, and a subsequent 
treatment is applied for the remaining error. The overall treatment is 
thus completed in two or more steps. 
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Publication 20010426 Al With international search report. 
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IRIS RECOGNITION AND TRACKING FOR OPTICAL TREATMENT 
RECONNAISSANCE ET SUIVI DE L'IRIS EN VUE D ! UN TRAITEMENT OPTIQUE 
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Main International Patent Class: A61F-009/01 

International Patent Class: A61B-003/103 

Publication Language: English 

Filing Language: English 



English Abstract 

A system and method are provided in which an iris or eye image is taken 
during a refractive diagnostic analysis. The image is employed for 
aligning data from the analysis with data from other refractive analysis 
instruments, as well as aligning a refractive surgical tool, such as a 
laser, with the eye for treatment. Further, the stored iris image is 
compared with the patient ! s iris before treatment, verifying that the 
correct eye is to be treated with a developed treatment pattern. A 
variety of refractive instruments can be used, such as corneal topography 
systems and wavefront aberration systems. 
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E TABL I S SEMENT D'UN PROFIL CORNEEN INDIVIDUALISE 
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Publication Language: English 

Filing Language: English 

English Abstract 

A customized corneal profile is provided by combining corneal topography 
data with captured wavefront aberration data to form a course of 
refractive treatment of the eye . In one embodiment, the captured 
wavefront data is employed within the area of a pupil, while the corneal 

topography data is employed in the area outside of the pupil. In other 

embodiments, the topography data is adjusted based on the wavefront data, 
a course of refractive treatment is simulated and displayed upon the 
topography data, and an initial evaluation of the suitability of a 
patient for treatment is performed based on the topography data. 
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WAVEFRONT SENSOR HAVING MULTI-POWER BEAM MODES, INDEPENDENT ADJUSTMENT 

CAMERA, AND ACCOMMODATION RANGE MEASUREMENT 
CAPTEUR DE FRONT D 1 ONDE DOTE DE MULTIPLES MODES D ' ALIMENTATION DE 
FAISCEAUX, D ' UNE CAMERA D'AJUSTEMENT INDE PENDANTE ET DE ME SURE DE GAMME 
D 1 ACCOMMODAT ION 
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Publication Language: English 

Filing Language: English 

English Abstract 

An improved wavefront sensor (300) is provided that enhances the initial 
focus and precision of imaged spots used to determine the monochromatic 
wave aberrations of the eye . The wavefront sensor includes an 
adjustment camera (323) that is independent of a lenslet camera (312) . A 
laser (306) in a lower power mode is projected onto the retina of the 
eye and is brought into more precise or sharp focus by a control system 
employing data from the adjustment camera, which aids in focusing the 
imaged spots. "Trombone "-type optics (314) are used to adjust the focus 
of the light projected onto the retina and the imaged spots onto a 
sensor. The laser (306) has a higher power mode used when acquiring data 
of the imaged spots from the sensor. 
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republished upon receipt of that report. 

Examination 20010907 Request for preliminary examination prior to end of 

19th month from priority date 

Search Rpt 20020314 Late publication of international search report 
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Abstract (Basic): WO 200234178 Al 

NOVELTY - A prospective photorefractive treatment is adjusted for 
a higher order or a lower order aberration, based upon a 
biomechanically or biodynamically induced deviation from the expected 
result for developing a treatment which compensates the biodynamically 
and biomedically induced deviation. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
following: 

(1) Higher order aberration correction method; 

(2) Regression effect lessening method; and 

(3) Refractive surgery system. 

USE - E.g. photorefractive surgery, for correcting higher order 
aberration in consideration of biodynamical or biomechanical responses 
of the eye. 

ADVANTAGE - Provides better objective and subjective evaluation 
of the eye . Enables modeling of eye for adjusting a treatment 
procedure for vision correction. Provides non-limiting benefit by 
removing the effects of eye rotation that occurs when a patient changes 
from a sitting to a supine position. 
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relationship, for performing refractive treatment 
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Abstract (Basic) : WO 200128476 Al 

NOVELTY - Diagnostic measurement of patient's eye (12) is done. 
An image having an iris image (120) of the patient's eye is obtained. A 
spatial relationship between the image and the diagnostic measurement 
is determined. A refractive treatment is developed based on the 
diagnostic measurement. Another image of patient's eye is aligned to 
obtain spatial relationship with the previous image for performing 
refractive treatment. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following : 

(a) A system for aligning a refractive correction instrument with a 



patient 1 s eye; 

(b) Method for providing a course of refractive treatment; 

(c) Method of aligning a refractive correction instruments with a 
patient's eye; 

(d) System for aligning refractive diagnostic and treatment data; 

(e) Method of aligning refractive tools; 

(f) Method for eye alignment and characterization; 

(g) System for alignment and photo refractive treatment of eye; 

(h) Laser system 

USE - For ophthalmic refractive surgery systems and iris 
recognition and location system. 

ADVANTAGE - Minimizes severe changes in corneal curvature by sing 
tapering zone of partial ablation and hence lessons regression. 
Provides increased accuracy using ophthalmic refractory surgery 
techniques and ophthalmic refractive diagnostics which produces greater 
precision in refractive error. Iris data stored in conjunction with 
refractive diagnostic analysis provides a safety mechanism for 
subsequent treatment . 

DESCRIPTION OF DRAWING (S) - The figure shows a block diagram 

illustrating acquisition of iris data in conjunction with refractive 

characteristic data. 
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Surface shape measurement for e.g. eye corneal tissue, by applying 
excitation light energy into eye corneal tissue so that tissue forms 
fluorescent light energy 
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Abstract (Basic) : WO 200108547 A2 

NOVELTY - An illumination system (20) projects excitation light 
energy (18) from a light energy source (16) into the corneal tissue (4) 
of an eye (2) . The eye absorbs the excitation light energy, and 
produces and emits a fluorescent light energy (14). A detector (26) 
measures the intensity of the fluorescent light energy. A computer (30) 
determines the tissue surface shape based on the detector result. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
following : 

(a) a tissue surface region laser sculpting method; 

(b) a tissue surface topography measuring system; 

(c) a corneal tissue exposed surface topography measuring system; 

(d) an exposed tissue surface laser sculpting system; 

(e) a laser sculpting system for an ablated region on an exposed 
stromal tissue surface; 

(f) a tissue hydration measuring system; 

(g) a system used in an eye corneal tissue resculpting apparatusT — 

(h) a tissue hydration measuring method; 

(i) a compensation method for use in resculpting an eye corneal 
tissue; 

(j) and an eye corneal tissue sculpting method to attain a desired 
• change in an eye optical property. 

USE - For measuring surface shape or topography of e.g. eye corneal 
tissue, during reshaping of eye corneal tissue by eye surgical 
procedure e.g. photo refractive keratectomy PRK, photo therapeutic 
keratectomy PTK, laser-assisted in situ keratomileusis LAS IK . 

ADVANTAGE - Facilitates control of tissue reshaping process, since 
process relies on tissue surface shape measurement . Facilitates 
correction of eye refractive vision errors e.g. near or far 
sightedness, astigmatism. Attains intended eye corneal tissue shape. 
Eye hydration can be also measured, to ensure correct laser energy 
pattern applied to eye during actual eye hydration. Ensures effective 
laser sculpting of eye. Allows use of e.g. visible, ultraviolet or * 
infrared lasers, deuterium lamps, arc lamps, as excitation light 
energy . 

DESCRIPTION OF DRAWING (S) - The figure shows the block diagram of a 
surface topography system. 
Eye (2) 

Corneal tissue (4) 
Fluorescent light energy (14) 
Light energy source (16) 

Excitation light energy (18) 

Illumination system (20) 
Detector (26) 
Computer (30) 
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Automated photorefractive screening for measuring characteristics of 
eyes has camera, flash at center of lens and processor 
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Abstract (Basic): US 6089715 A ■ 

NOVELTY - The screening system and method uses a digital camera 
(10) having a lens (14) mounted flash (12), and a suitably programmed 
processor (18) for- locating the eye of the patient (16) in the digital 
image, modeling structures in the eye, analyzing the digitized eyes in 
the individual for eye disease, and providing a recommendation for 
treatment . 

USE - The invention can be used to provide information about an 
individuals eyes, and any possible diseases within the eyes. The 
processor can also possibly give a recommended course of action or 
treatment . 

ADVANTAGE - This invention can spot possible problems within adults 
and children's eyes early and therefore reduce the risk of long term 
amblyopia . 

DESCRIPTION OF DRAWING (S) - The drawing shows a block diagram 
showing the physical components of the eye imaging apparatus. 
Camera (10) " " 

Flash (12) 
Lens (14) 
Patient (16) 
Computer processor (18) 
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Movement of an eye of a patient tracking used during eye tissue ablation 
procedures - receiving reflected light from region of eye for 



measuring intensity of reflected light 
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Abstract (Basic) : WO 9918868 A 

NOVELTY - The method involves directing a light beam at a region of 
an eye including portions of a sclera and an iris. A reflected light 
from the region of the eye is received for measuring an intensity 
of the reflected light to determine a relative position of the eye. 
DETAILED DESCRIPTION - An optical system (20) projects light onto a 
limbus (10) to track eye movement. The optical system (20) includes a 
light source (22) that directs a single or several light rays (24) 
through an optical train (26) onto the limbus (10) of the eye (2). The. 
optical train (26) includes a scanning device (28) that scans the light 
rays (24) around a trajectory (29) that coincides with the limbus 
(10).. An INDEPENDENT CLAIM is included for:an optical system for 
tracking movement of eye of a patient 

USE - The invention may be used for tracking the position of the 
eye during surgical procedures, such as photo - refractive 
keratectomy (PRK) photo-therapeutic keratectomy (PTK) laser in situ 
keratomileusis (LAS IK) or the like. 

ADVANTAGE. - The present invention is capable of modifying spatial 
and temporal distribution of laser beam and accurately tracking eye 
movements in real time so that these movements can be compensated for 
during, for example, a laser ablation procedure. DESCRIPTION OF 
DRAWING (S) - The drawing is a block diagram of basic components of an 
optical system for performing a method of laser ablation according to 
the present invention. (10) limbus; (20) optical system; (22) light 
source; (24) light rays; (26) optical train. 
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Laser beam delivery and tracking system for ophthalmic medicine - has 

optical translator which shifts optical axis beam path in accordance with 

specific scanning pattern such that original beam is shifted onto beam 

path parallel to optical axis 
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Abstract (Basic) : WO 9528989 A 

The laser delivery and tracking mechanism includes a laser (500) 
which generates light (502) along a path at an energy level for 
treating a surface.. An optical translator . (520 ) shifts the path onto a 
resulting beam path. An optical angle adjuster (310,316,320,326) 
changes the angle of the resulting beam path relative to the original 
path such that the laser light is incident on the surface to be 
treated . 

A motion sensor (100) transmits light energy (101-T) to the surface 
and receives reflected light energy (101-R) from the surface via the 
optical angle adjuster. The light energy travels on a parallel path to 
the shifted beam through the optical angle adjuster. The motion sensor 
detects movement of the surface relative to the original path and 
generates error control signals indicating the movement. The optical 
adjuster responds to the error control signals to change the angle of 
the resulting beam path. 

USE /ADVANTAGE - Eroding moving surface e.g eye's corneal tissue in 
e.g photo - refractive keratectomy. Eye movement is measured 
quantitatively and used to automatically redirect both laser delivery 
and eye tracking parts of system independent of laser positioning 
mechanism. System operates without interfering with particular 
treatment laser or surgeon performing procedure. 
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Ocular refractivity measuring appts . using photo - refraction method - 
measures refractivity of eye from distribution of illuminance of 
pupillary images on image medium by light beams obturated by plate having 
edges extending in two orthogonal directions 

Patent Assignee: CANON KK (CANO ) 

Inventor: KOHAYAKAWA Y 

Number of Countries: 001 Number of Patents: 001 ~ 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

US 5249003 A 19930928 US 91637121 A 19910103 199340 B 



Priority Applications (No Type Date) : JP 90112906 A 19900427; JP 905065 A 



19900112; JP 9051360 A 19900301; JP 90112905 A 19900427 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
US 5249003 A 19 A61B-003/10 



Abstract (Basic): US 5249003 A 

The ocular refractivity measuring apparatus includes a light 
receiving optical system, an illuminating optical system, an imaging 
device and a calculator. The light receiving optical system includes a 
light dividing member and an obturating plate. The obturating plate has 
a linear edge so as to obturate part of an opening of the light 
receiving optical system. The light dividing member is closer to a 
fundus of an eye to be measured in an optical path than the 
obturating plate. The illuminating optical system has a light source 
for projecting light in a direction perpendicular to the linear edge of 
the obturating plate, to the light dividing member so as to illuminate 
the fundus of the eye via the light dividing member. 

The imaging device is provided on a light receiving surface of the 
light receiving optical system at a position substantially conjugate 
with a pupil of the eye for detecting the amount of light in two 
regions of the pupil of the eye separated in a direction perpendicular 
to the linear edge of the obturating plate. The calculator calculates 
the refractivity of the eye in accordance with the ratio of the amount 
of light in the two regions of the pupil of the eye separated in a 
direction perpendicular to the linear edge detected by the imaging 
device and in accordance with the distance between the two regions. 

USE/ADVANTAGE - Can calculate the astigmatic angle, the degree of 
astigmatism, and the degree of spherical ametropia of an eye to be 
measured even if it has oblique astigmatism. 
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Photo - refractor ocular screening system - has eye reflex, when eyes 
are exposed to flash of light, recorded on colour film 

Patent Assignee: NAT AERO & SPACE ADMIN (USAS ) 
Inventor: KERR J H; RICHARDSON J R 
Number of Countries: 001 Number of Patents: 002 
Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

US 6655605 N 19850702 US 84655605 A 19840928 198538 B 
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Priority Applications (No Type Date): US 84655605 A 19840928 
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Abstract (Basic) : US 6655605 N 



The method and apparatus is for detecting human eye defects. The 
invention operates by recording on colour film the eye reflex which 
occurs when eyes are exposed to a flash of light. The photographs are 
compared with predetermined standards, to detect eye defects. The base 
structure of the ocular screening system (10) is a folding interconnect 

structure (12), comprising hinged sections (14,16,18). 

Attached to one end of the structure is a head positioning station 
(24) which comprises vertical support (26), a head positioning bracket 
(28) having one end attached to the top of support, and two head 
positioning lamps (33) to verify precise head positioning. At the 
opposite end of the interconnect structure is a camera station (34) 
with camera (38), electronic flash unit (44) and blinking fixation lamp 
(46), for photographing the eyes of persons being evaluated . 
USE - Partic. for detection of refractive error. 

Dwg. 2/6 

US 6655605 A 

The method and apparatus is for detecting human eye defects. The 
invention operates by recording on colour film the eye reflex which 
occurs when eyes are exposed to a flash of light. The photographs are 
compared with predetermined standards, to detect eye defects. The base 
structure of the ocular screening system (10) is a folding interconnect 
structure (12), comprising hinged sections (14,16,18). 

Attached to 'one end of the structure is a head positioning station 
(24) which comprises vertical support (26), a head positioning bracket 
(28) having one end attached to the top of support, and two head 
positioning lamps (33) to verify precise head positioning. At the 
opposite end of the interconnect structure is a camera station (34) 
with camera (38), electronic flash unit (44) and blinking fixation lamp 
(46), for photographing the eyes of persons being evaluated . 

USE - Partic. for detection of refractive error. 
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Abstract (Basic) : US 3879113 A 

The eye testing apparatus has the light source as the tip of a 

fibre optic probe, and the restroref lected light is captured by a 

camera lens surrounding the probe. The eye defects are quantified 
by cylindrical sector lenses arranged pie-slice fashion around the 
probe, each of which forms the arm of a star pattern on the film which 
is a measure of the amount and kind of refractive error. The apparatus 



is extended by the use of fixed reflectors on eyeglass frames so tha 
phoria may be measured from pupil spacing and position relative to the 
fixed images of the reflectors. The methods take advantage of inherent 
chromatic abberation of the eye. 

Title Terms: PHOTO; RE FRACTOMETER ; TEST; FIBRE; OPTICAL; PROBE; TIP; 
SURROUND; CYLINDER; SECTOR; LENS; CAMERA 

Derwent Class: P31 
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EYE REFRACTION FORCE MEASURING DEVICE 
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CANON INC [000100] (A Japanese Company or Corporation), JP 
(Japan) 
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ABSTRACT 

PURPOSE: To improve the operation performance of a device using the 
photorefraction method by calculating the refraction force of — an 
inspected eye by using the outputs of a pupil projection factor-detecting 
means in a focusing light-receiving optical system and an image pick-up 
element installed on the light receiving surface of the optical system. 

CONSTITUTION: A half mirror 4, light shielding plate 5, lends 6, image 
pick-up element 7 which is conjugate with a pupil Ep with respect to the 
lens 6, and a video camera 14 are installed in this order in the optical 
path leading from the eye-ground Er of an inspected eye. Through the lens 
6, light is focused in the direction of arrow by a driving part 15, and the 
position information is inputted into a calculator 20, and the pupil 
projection factor is detected. Into the , calculator 20, the output of the 
video camera 14 is inputted, besides the position information of the lends 
6, and the light quantity ratio or contrast in two regions of the pupil is 
calculated, and the refraction force of the inspected eye is calculated on 
the basis of the light quantity ratio or contrast. Accordingly, in the 
refraction force measurement using the photorefraction method, the 
operation distance between the inspected eye and the device body can be set 
arbitrarily/ and adjustment has only to be made of the focus optical system 
in this state, and the operation performance can be improved drastically. 
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ABSTRACT 

PURPOSE: To execute the eye refracting power measurement with high 
accuracy by a photoref raction method by calculating the examined eye 
refracting power, based on a light quantity ratio detected by an image 
pickup element in two areas of an examined eye pupil separated by a 
prescribed distance in the direction intersecting with a linear edge of a 
light shielding plate. 

CONSTITUTION: In a light receiving optical system, a light splitting member 
4, and light shielding plates 5, 3 having a linear edge 50 so as to 
obstruct a part of an opening of the optical system are provided in order 
in an optical path from an eyeground Er of an eye E to be examined. Also, 
in an irradiating optical system, a light source part 1 is provided in the 
direction intersecting with the edge 50 and the eyeground Er of the eye to 
be examined is irradiated through the light splitting member -4. Moreover, 
an image pickup element 7 is provided on the light receiving surface of the 
above-mentioned light receiving optical system being in a roughly conjugate 
position to the pupil Ep of the eye. In such a state, in a computing 
element 20, the examined eye refracting power is calculated, based on a 
light quantity ratio or contrast detected by the image pickup element 7 in 
two areas of the pupil Ep of the eye separated by a prescribed distance in 
the direction intersecting with the linear edge 50. Thus, the --eye- 
refracting power measurement can be executed with high accuracy with a 
photoref raction method. 
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PURPOSE: To 
strength of 



ABSTRACT 

make a measurement with high accuracy possible by judging 
a reflecting light in a pupil based on a shade pattern of a 



pupil image and an iris image and measuring an eye refractive value . 

CONSTITUTION: When an examined eye E is normal, all the light bundles from 
a pupil Ep are received on a lens and reach a recording medium 3 and the 
whole area in a pupil image P surrounded by an Aris image I on the 
recording medium 3 becomes bright. When the examined eye F is 
iongsightedness, a reflected light bundle from an eyeground Er disperses 
when it passes through the pupil and as only a light bundle from the 
central part of the pupil Ep reaches the lens 2, only the central part of 
the pupil image P on the recording medium 3 becomes bright. When the 
examined eye E is shortsightedness, as the reflected light bundle from the 
eyeground Er is condensed before a half mirror 1 after it passes through 
the pupil Ep and reaches the lens 2, only upper part of the pupil image P 
on the recording image 3 becomes bright. As described above, as a shade 
pattern of the pupil image P in the iris image 1 on the recording medium 3 
becomes different depending on the refractive value of the pupil Ep of the 
examined eye E, measurement of eye refractive value can be done based 
on this shade pattern by using a pattern detecting device and an arithmetic 
device . 
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Abstract (Basic) : WO 200027273 Al 

NOVELTY - Eye-safe light beams are directed onto the eye such that 
area of incidence is substantially larger then the pupil. The image of 
light beam reflected is analyzed by extracting light beam components 
that produce bright eye reflection in received image. The position of 
eye is determined by further analyzing the image on the basis of 
identification . 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for 
eye tracker. 

USE - For ophthalmic laser surgery for refractive correction in eye 
such as photorefractive keratectomy, laser in-situ keratomileusis and 
for gaze analysis application for ablating minute portions of cornea 
tissue. 

ADVANTAGE - Facilitates tracking of eye movement in real time so 

that laser source is controlled to compensate for eye movement . 

DESCRIPTION OF DRAWING (S) - The figure illustrates relevant 
components of ophthalmic surgery apparatus. 
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centering and fixing light beams of different wavelengths onto eye 
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Photorefractive keratectomy performing method, involves measuring laser 
pulse energy, laser pulse size and laser pulse location using power meter 
at time of performing ablation 
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METHOD AND SYSTEM FOR IMPROVING VISION 
PROCEDE ET SYSTEME D 'AMELIORATION DE LA VISION 

Patent Applicant /Assignee : 
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14604-2701, US, US (Residence), US (Nationality) 
Inventor (s) : 
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Patent and Priority Information (Country, Number, Date) : 
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(EA) AM AZ BY KG KZ MD RU TJ TM 

Main International Patent Class: A61F-009/01 

Publication Language: English 

Filing Language: English 

English Abstract 

Methods and apparatus for improving vision incorporate the effects of 
biodynamical and biomechanical (biological) responses of the eye. The eye 
produces a biological response to trauma, such as a LAS IK keratectomy or 
other necessary traumatic procedure in preparation for refractive 
surgery. By observing the biological response, a prospective treatment to 
correct higher order aberrations is adjusted to compensate for the 
biological effects. An improved photorefractive surgery system 
incorporates one or more suitable diagnostic devices that provide 
biological response information in such a manner that the patient need 
not change position from that assumed for the surgical procedure. 
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Publication 20020502 Al With international search report. 

Publication 20020502 Al Before the expiration of the time limit for 

amending the claims and to be republished in the 
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Examination 20021017 Request for preliminary examination prior to end of 

19th month from priority date 
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DETERMINATION OF OCULAR REFRACTION FROM WAVEFRONT ABERRATION DATA 
DETERMINATION DE REFRACTION OCULAIRE A PARTIR DE DONNEES D 'ABERRATION DE 
FRONT D f ONDES 
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Filing Language: English 

English Abstract 

Ocular refraction is determined from wavefront aberration data, and an 
optimum customized correction is designed. The eye f s wave aberration is 
measured (202) by using a detector such as a Shack-Hartmann detector 
(714). From the aberration, an image metric is calculated (214), and the 
second-order aberrations which optimize that metric are determined (218) . 
From that optimization, the refractive correction (220) required for the 
eye is determined. The image metric is one of several metrics indicating 
the quality of the image on the retinal plane or a proxy for such a 
metric. The required refractive correction (220) can be used to form a 
lens or to control eye surgery. If it is possible to detect more 
aberrations than can be corrected, those aberrations are corrected which 
most affect vision, or for which the eye's error tolerance is lowest. 

Legal Status (Type, Date, Text) 

Publication 20020418 Al With international search report. 

Publication 20020418 Al Before the expiration of the time limit for 

amending the claims and to be republished in the 
event of the receipt of amendments. 
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19th month from priority date 



Detailed Description 

the retina and emerging from the eye, the ocular aberrations reduce the 
accuracy of the measurement . 



The eye suffers from many higher-order aberrations beyond defocus and 
astigmatism, which introduce defects on the pattern of light detected. Thus, 
photorefractive methods are based on paraxial optical analysis, and it has 
been shown that there can. . . 
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Main International Patent Class: A61F-009/01 

International Patent Class: A61B-003/103 

Publication Language: English 

Filing Language: English 

English Abstract 

A system and method are provided in which an iris or eye image is taken 
during a refractive diagnostic analysis. The image is employed for 
aligning data from the analysis with data from other refractive analysis 
instruments, as well as aligning a refractive surgical tool, such as a 
laser, with the eye for treatment . Further, the stored iris image is 
compared with the patient's iris before treatment, verifying that the 
correct eye is to be treated with a developed treatment pattern. A 
variety of refractive instruments can be used, such as corneal topography 
systems and wavefront aberration systems'. 
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Publication 20010426 Al Before the expiration of the time limit for 

amending the claims and to be republished in the 

event of the receipt of amendments. 
Examination 20010907 Request for preliminary examination prior to end of 

19th month from priority date 
Correction 20020919 Corrected version of Pamphlet: pages 1/15-15/15, 

drawings, replaced by new pages 1/15-15/15; due to 

late transmittal by the receiving Office 
Republication 20020919 Al With international search report. 

Detailed Description 

■\. . . sensors, and the like used to make diagnostic measurements to obtain 
refractive data about the eye being measured . Refractive data thus refers 
generally to features or charaeteristics of the eye that cause less . . . 

...g., an excimer laser which is typically used for photoablation in PRK, 
LAS IK and other photo refractive surgery. The term "normalization" as 
used herein will be understood from the description to follow. . . displayed to 
the practitioner though a display system. 

A system for performing the alignment and photo - refractive treatments 
discussed above includes most basically a first camera used to acquire the 
first image ... 

...one skilled in the art will appreciate, a laser system capable of 
providing the developed photo - refractive treatment that preferably 
includes a second camera used to acquire another image of the eye , a 
computer system used for developing and aligning the photorefractive 
treatment linked to the laser system, the first camera and the diagnostic 
tool, and a control system attending to implementation of the photo - 
refractive treatment that is suitably linked to other components of the 
system. In an aspect of... 

Claim 

acquiring a second image of the eye including the dilated pupil 

obtaining a diagnostic refractive measurement of the eye having the 

dilated pupil; and developing a photorefractive treatment from the 

diagnostic measurement for a refractive correction of the eye. 

62 The method. . .providing the photorefractive treatment including a second 
camera used to acquire another image of the eye ; a computer system used 
for developing and aligning the photorefractive treatment linked to the 
laser system, the first camera and the diagnostic instrument; and a control 
system used to implement the photorefractive treatment linked to the 
computer system and the laser system. 

90 The system of claim. . . 



9/5, K/8 (Item 8 from file: 349) 

■ DIALOG (R) File 349:PCT FULLTEXT 
(c) 2003 WIPO/Univentio. All rts. reserv. 

00493887 **Image available** 
AUTOMATED PHOTOREFRACTIVE SCREENING 



EXAMEN PHOTORE FRACT I F AUTOMAT I SE 

Patent Applicant /Assignee : 

BROWN Stuart, 
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HOOVER Adam, 
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Main International Patent Class: A61B-003/113 
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Publication Language: English 

English Abstract 

A system and method for locating and modeling eyes in imagery for 
automated photorefractive screening. The invention includes a system 
and method for locating a patient's (16) eyes in a digital image that 
includes each eye as illuminated by a near-axis flash (12), including 
automatically finding light reflexes in the digital images as indicative 
of the location of each eye. Automatically finding light reflexes 
includes analyzing such light reflexes to determine possible pupil and 
sclera borders. The invention further includes automatically fitting a 
corresponding model to such possible pupil and sclera borders, analyzing 
the model of each eye to determine possible abnormalities in each 
eye; and outputting a possible diagnosis for each eye based on such 
analyzing. Other aspects of the invention include measuring retinal 
reflexes and corneal reflexes from the indicated eye models as an 
indicator of anomalies in the patient's (16) eyes, and generating a 
digital image of each of a patient's (16) eyes with a camera having a 
flash (12) positioned near to a center line of a lens of the camera (10) 
so as to generate images with bright, sharp light reflexes. 

Detailed Description 

AUTOMATED PHOTOREFRACTIVE SCREENING 
TECHNICAL FIELD 

This invention relates to instruments for measuring characteristics of 
eyes , and more particularly to a system and method for locating and modeling 
eyes in imagery for automated photorefractive screening, and for enabling 
determination of the presence of anomalies in the patient's visual... the face 
of an and a suitably programmed processor, such as a general purpose digital 
computer , for locating an eye of the individual in the digital image, 
modeling structures in the eye, analyzing the digitized. . . 
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SYSTEME CONOSCOPIQUE D 'OB TENT I ON EN TEMPS REEL D'UNE TOPOGRAPH IE DE LA 
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English Abstract 

The invention is a corneal topographer (240) based on cornea-scope 
holography with partially coherent illumination. Corneal topographic 
measurements can be accomplished at a processing rate higher than the 
standard video rate of 30 Hz. The corneo-scope measurements can be used 
in an optic electronic servo (220) to control photo-refractive 
keratectomy system (200) in real time for an improved accuracy in laser 
ablation of a corneal surface of the eye- (230). 

Claim 

... is system, and said topographer, said controller controlling said 
topographer to achieve a corneal topographic measurement of said target 
eye at a processing rate higher than said pulse repetition rate. 

I 10 . A system as . . . 

. . .wherein said ablating laser beam is controlled by said controller based on 
said corneal topographic measurement of said target eye . 

II A system as in claim 10, wherein said control of said ablating laser 
beam. . . 
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MEASURING REFRACTIVE CHARACTERISTICS OF HUMAN EYES 
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Main International Patent Class: A61B-003/10 
Publication Language: English 
Filing Language: English 

English Abstract 

An apparatus and method for measuring refractive characteristics of human 
eyes with an objective refraction measuring device for measuring 
refraction in at least one eye, the objective refraction measuring system 
(10) having a proximal end and a distal end, the objective refraction 
measuring system suitable for looking in the proximal end and seeing out 
the distal end; an open field visual target (50) . A viewing lane (20) is 
provided between the eye (42) and (44) the open field visual target (50), 
the viewing lane has sufficient length to allow for focusing the eye at 
infinity and for natural accommodation at true distance targets, such 
near distances such as reading distances. The objective refraction 
measuring device can be positioned in the viewing lane to measure the eye 
while the eye is focused on the open field visual target. In one 
embodiment the objective refraction measuring device may measure 
refraction characteristics of an eye continuously, substantially 
continuously or incrementally during dynamic accommodation or changes of 
the lighting conditions while providing true distance visual targets with 
the open field of view through the apparatus. In another embodiment the 
device objectively measures refraction characteristics of both eyes 
working together when viewing the open field visual target. 
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Publication 20030206 Al Before the expiration of the time limit for 

amending the claims and to be republished in the 

event of the receipt of amendments. 

Detailed Description 
. . . humor, and the retinal topography. Presently, the refractive 
characteristics of these components are not objectively measured using open 
field visual target. It has been discovered by applicants that the target 
is important to establish a... 

...the extent that the visual target is stationary, as is the situation in 
most known eye measuring techniques, the visual target is 1 5 sometimes 
called a "fixation target." During dynamic testing, according to one... 
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English Abstract 

A laser eye surgery system includes a laser for producing a laser beam 
capable of making refractive corrections, an optical system for shaping 



and conditioning the laser beam, a digital micromirror device (DMD) for 
reflecting the shaped and conditioned beam toward the eye, a computer 
system for controlling the mirrors of the DMD, and an eye tracking system 
which tracks the position of the eye and provides feedback to the 
computer system. 

Legal Status (Type, Date, Text) 

Publication 20011115 Al With international search report. 
Publication 20011115 Al Before the expiration of the time limit for 

amending the claims and to be republished in the 

event of the receipt of amendments. 

Detailed Description 

approach, in either the off-line or real-time approaches, the wavefront 
sensor system 140 measures the eye system aberrations and creates a 3-D 
contour profile (substantially similar to Fig. 8(a... system 1 10. The surgeon 
then preps at 508 the patient for laser refractive surgery ( PRK or LASIK) . 
The appropriate layer data is then loaded at 510 into a buffer. The... 
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Title: Multimeridian photoref raction: a technique for the detection of 
visual defects in infants and preverbal children 

Author ( s ) : Cole , T . D . 

Journal: Johns Hopkins APL Technical Digest vol.12, no. 2 p. 166-75 
Publication Date: April- June 1991 Country of Publication: USA 
CODEN: JHADDQ ISSN: 0270-5214 

Abstract: The Applied Physics Laboratory and the Department of 
Ophthalmology at the Johns Hopkins Medical Institutions have collaborated 
in a two year effort to identify and develop techniques based on 
photoref raction for the visual screening of young children. This article 
briefly discusses visual screening concerns and photorefractive theory and 
techniques. Difficulties associated with the measurement of visual 
defects using conventional photorefractors are identified, and the 
Laboratory's efforts to design two photorefractors intended to overcome the 
limitations of previous instruments are described along with the operating 
principles of the two prototypes . An introduction to laser retinoscopy is 
also presented. Research on a more comprehensive device-a multimeridian 
laser retinoscope-is under way. (20 Refs) 
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Screening of myopic photorefractive keratectomy in eye bank eyes by 
computerized videokeratography . 

AUTHOR: Lim-Bon-Siong Rueben; Williams Joseph M; Samapunphong Sopit; Chuck 

Roy S; Pepose Jay S(a) 
AUTHOR ADDRESS: (a) Dep. Ophthalmol. Visual Sci., Washington Univ. Sch. 

Med., Campus Box 8096, 660 S. Euclid Ave., S**USA 
JOURNAL: Archives of Ophthalmology 116 (5) :p617-623 May, 1998 
ISSN: 0003-9950 

ABSTRACT: Background: In contrast to incisional keratotomy, corneas that 
have undergone photorefractive keratectomy may be difficult to detect by 
inspection with slitlamp biomicroscopy alone. Eye bank corneas that have 
undergone high myopic refractive surgical correction could potentially 
result in substantial postoperative hyperopic correction if used as donor 
tissue for corneal transplantation. Surface irregularities or 
displacement of the treated optical zone within the graft in relation to 
the entrance pupil of the recipient could result in significant induced 
astigmatism and distortion. This study examines computerized 
videokeratographic screening of eye bank globes as a strategy for 
detecting myopic photorefractive keratectomy. Methods: Preoperative and 
postoperative corneal topographic maps of freshly enucleated human and 
rabbit eyes that have undergone myopic photorefractive keratectomy with 
an excimer laser were placed in a globe-fixating device and analyzed 
using a vertically oriented videokeratoscope . The same system was 
applied in an actual eye bank setting, and potentially transplantable 
globes from donors without a history of corneal surgery were analyzed. 
Results: Computerized videokeratography using a vertically mounted system 



reliably detected photorefractive keratectomy in 12 of 12 human eye bank 
corneas treated by excimer photorefractive keratectomy in a range between 
-1.5 to -6.0 diopters. This method also detected similar changes on lased 
rabbit corneas enucleated 6 weeks' after excimer surgery. Data processed 
with the tangential mode yielded a "bull's-eye" topography pattern 
reflecting central corneal flattening that was more sensitive in 
detecting myopic corrections than the conventional axial formula-based 
color maps. False-positive results were not detected in 96 cadaver globes 
sequentially screened in the eye bank. Conclusions: Computerized 
videokeratogaphy represents a feasible method to screen donor globes for 
myopic photorefractive keratectomy as shown by the in vitro and rabbit 
models. However, only whole globes and not corneoscleral sections are 
amenable to processing with this technique. Tangential maps provided 
greater sensitivity in detecting low myopic corrections than the axial 
formula-based color maps. 
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Spot diameters for scanning photo-refractive keratectomy : A comparative 
study- 
Ophthalmic technologies VIII : San Jose CA, 24-25 January 1998 

MANNS F; PAREL J M 

ROL Pascal O, ed; JOOS Karen M, ed; MANNS Fabrice, ed 
International Society for Optical Engineering, Bellingham WA, United 
States.; US Air Force Office of Scientific Research, Washington DC, United 
States.; International Biomedical Optics Society, United States. 

Ophthalmic technologies. Conference, 8 (San Jose CA USA) 1998-01-24 
Journal: SPIE proceedings series, 1998, 3246 89-96 
ISBN: 0-8194-2685-7 ISSN: 1017-2653 Availability: INIST-21760; 
354000070107710120 

Purpose: The purpose of this study was to compare with computer 
simulations the duration, smoothness and accuracy of scanning 
photo-refractive keratectomy with spot diameters ranging from 0.2 to 1 mm. 
Methods: We calculated the number of pulses per diopter of flattening for 
spot sizes varying from 0.2 to 1 mm. We also computed the corneal shape 
after the correction of 4 diopters of myopia and 4 diopters of astigmatism 
with a 6 mm ablation zone and a spot size of 0.4 mm with 600 mJ/cm SUP 2 
peak radiant exposure and 0.8 mm with 300 mJ/cm SUP 2 peak radiant 
exposure. The accuracy and smoothness of the ablations were compared. 
Results: The repetition rate required to produce corrections of myopia with 
a 6 mm ablation ■ zone in a duration of 5s per diopter is on the order of 1 
kHz for spot sizes smaller than 0.5 mm, and of 100 Hz for spot sizes larger 
than 0.5 mm. The accuracy and smoothness after the correction of myopia and 
astigmatism with small and large spot sizes were not significantly 
different. Conclusions: This study seems to indicate that there is no 
theoretical advantage for using either smaller spots with higher radiant 
exposures or larger spots with lower radiant exposures. However, at fixed 
radiant exposure, treatments with smaller spots require a larger duration 
of surgery but provide a better accuracy for the correction of astigmatism. 
Copyright (c) 1998 INIST-CNRS. All rights reserved. 
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One-way image transmission through a thick dynamic distorter without a 
reference beam 

ZHANG Jiasen; WANG Huitian; YOSHIKADO Shin; ARUGA Tadashi 
Journal: Applied physics letters, 1998-02-09, 72 (6) 630-632 
ISSN: 0003-6951 CODEN: APPLAB Availability: INIST-10020 

We demonstrated a method to perform one-way image transmission through a 
dynamic distorter without a reference beam. In this method, a 
photorefractive four-wave mixing configuration was used to pick up the 
reconstructed image from the image-bearing signal beam, which acted as an 
erase beam. The fluctuation period of the dynamic distorter must be much 
shorter than the response time of the nonlinear material. Reconstructed 
images with high-fidelity have been obtained. Because use of a reference 
beam is unnecessary this method is simpler and more effective, (c) 1998 
American Institute of Physics. 
Copyright (c) 1998 American Institute of Physics. All rights reserved. 
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High- accuracy corneal topographer 

Optical and imaging techniques for biomonitoring II : Vienna, 9-10 
September 1996 

ROTTENKOLBER M; PODBIELSKA H 

FOTH Hans-Jochen, ed; MARCHES INI Renato, ed; PODBIELSKA Halina, ed 
Optical and imaging techniques for biomonitoring. Conference, 2 (Vienna 
AUT) 1996-09-09 

Journal: SPIE proceedings series, 1996, 2927 92-98 
ISSN: 1017-2653 Availability: INIST-21760; 354000062507900110 
The constant progress in photorefractive surgery requires measurement 
devices with which the topography of the cornea can be measured with a high 
precision and bigger reproducibility than the currently used devices offer. 
The special two-path moire def lectometer is constructed for in vivo 
measurements. To overcome the problem associated with rapid eye movements, 
the special unit for measurement of the distance between the eye and the 
experimental setup, is designed. The achievable resolution of the proposed 
topographer is in the range of about 3 microns within a lateral measurement 
range of about 5 mm in diameter. The corresponding precision of the 
spherical equivalent dioptric number is thus better than 0.015D. 
Copyright (c) 1997 INIST-CNRS. All rights reserved. 
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Automatic eye tracker for excimer laser photorefractive keratectomy. 

Gobbi P G; Carones F; Brancato R; Carena M; Fortini A; Scagliotti F; 
Morico A; Venturi E 

Journal of refractive surgery (Thorofare, N.J. : 1995) (UNITED STATES) 



May-Jun 1995, 11 (3 Suppl) pS337-42, ISSN 1081-597X Journal Code: 
9505927 

Acute overlapping of successive laser pulses onto the cornea during 
photorefractive keratectomy (PRK) is important to avoid refractive 
distortions. Most excimer laser systems performing corneal ablation lack 
control of the patient 1 s eye movements and they cannot track the target 
corneal zone. We developed an eye-tracker based on television monitoring of 
the pupil and on automatic electro-mechanical deflection of the laser 
turning mirror, and we applied it to the ExciMed UV200 ArF work station 
(Summit Technology, Inc., Waltham, Mass.). Basic components are a black and 
white CCD camera and two fast stepping motors. The circuitry for target 
discrimination and tracking, and the optical imaging system are designed 
specifically. The tracker assembly does not interfere with the laser beam 
path nor with the operator's observation. Tracking of the pupil has been 
successfully achieved on different color irides, with an accuracy better 
than 0.1 mmina6x6 mm2 tracking field. Response time is less than 100 
ms. Recordings of eye movements during PRK are presented. Tracking 
ablations have been performed on moving test eye-balls with plastic 
corneas. The proposed automatic system appears to be a reliable and 
effective method for the compensation of patient eye movements appears to 
be a reliable and effective method during PRK procedures. 
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larger group of eyes that underwent photorefractive keratectomy 
between January and June of 1996. All eyes evaluated (21 right eyes 
and 27 left eyes) underwent photorefractive keratectomy for myopia 
ranging from — 1.50 to — 7.75 diopters. Patients 1 ages ranged from... low 
displacement and high drift group did. Therefore, laser drift might be a 
more important determinant of visual outcome after photorefractive 
keratectomy. In addition, given that good visual outcome was achieved in 
decentered treatments with low. . . 

... displacement from intraoperative drift. Our results indicate that laser 
drift may be a more important determinant of postoperative visual 
acuity after photorefractive keratectomy than treatment displacement is. 
Accordingly, when decentration is recognized during photorefractive 
keratectomy, the accepted. . . 
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Journal of the Optical Society of America. -A, Optics, image science, and 
vision (United States) Mar 2002, 19 (3) p620-8, ISSN 1084-7529 
Journal Code: 9800943 

Contract/Grant No.: EY01319; EY; NEI; EY04367; EY; NEI 

Republished from J Opt Soc Am A Opt Image Sci Vis. 2002 Jan; 19(1) 1-9; 
Republished from PMID 11778709 

We calculated the impact of higher-order aberrations on retinal image 
quality and the magnitude of the visual benefit expected from their 
correction in a large population of human eyes . Wave aberrations for both 
eyes of 109 normal subjects and 4 keratoconic patients were measured for 
3-, 4-, and 5.7-mm pupils with a Shack-Hartmann sensor. Retinal image 
quality was estimated by means of the modulation transfer function (MTF) in 
white light. The visual benefit was calculated as the ratio of the MTF 
when the monochromatic higher-order aberrations are corrected to the MTF 
corresponding to the best correction of defocus and astigmatism. On 
average, the impact of the higher-order aberrations for a 5.7-mm pupil in 
normal eyes is similar to an equivalent defocus of approximately 0.3 D. 
The average visual benefit for normal eyes at 16 c/deg is approximately 
2.5 for a 5.7-mm pupil and is negligible for small pupils (1.25 for a 3-mm 
pupil) . The benefit varies greatly among eyes , with some normal eyes 
showing almost no benefit and others a benefit higher than 4 at 16 c/deg 
across a 5.7-mm pupil. The benefit for keratoconic eyes is much larger. 
The benefit at 16 c/deg is 12 and 3 for 5.7- and 3-mm pupils, respectively, 
averaged across four keratoconics . These theoretical benefits could be 
realized in normal viewing conditions but only under specific conditions. 
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Method for optimizing the correction of the eye 1 s higher-order 
aberrations in the presence of decentrations . 

Guirao Antonio; Cox Ian G ; Williams David R 

Journal of the Optical Society of America. A, Optics, image science, and 
vision (United States) Jan 2002, 19 (1) pl26-8, ISSN 1084-7529 
Journal Code: 9800943 

Contract/Grant No.: EY01319; EY; NEI; EY04367; EY; NEI 

The use of a correcting element to compensate for higher-order 
aberrations in an optical system often requires accurate alignment of the 
correcting element. This is not always possible, as in the case of a 
contact lens on the eye . We propose a method consisting of partial 
correction of every aberration term to minimize the average variance of the 
residual wave-front aberration produced by Gaussian decentrations 
(translations and rotations) . Analytical expressions to estimate the 
fraction of every aberration term that should be corrected for a given 
amount of decentration are derived. To demonstrate the application of this 
method, three examples are used to compare performance with total and with 



« 



partial correction. The partial correction is more robust and always yields 
some benefit regardless of the amount of decentration . 
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Monochromatic aberrations of the human eye in a large population. 

Porter J; Guirao A; Cox I G ; Williams D R 

Journal of the Optical Society of America. A, Optics, image science, and 
vision (United States) Aug 2001, 18 (8) pl793-803 i , ISSN 1084-7529 
Journal Code: 9800943 

Contract/Grant No.: EY01319; EY; NEI; EY07125; EY; NEI 

From both a fundamental and a clinical point of view, it is necessary to 
know the distribution of the eye f s aberrations in the normal population 
and to be able to describe them as efficiently as possible. We used a 
modified Hartmann-Shack wave-front sensor to measure the monochromatic wave 
aberration of both eyes for 109 normal human subjects across a 5.7-mm 
pupil. We analyzed the distribution of the eye ! s aberrations in the 
population and found that most Zernike modes are relatively uncorrelated 
with each other across the population. A principal components analysis was 
applied to our wave-aberration measurements with the resulting principal 
components providing only a slightly more compact description of the 
population data than Zernike modes. This indicates that Zernike modes are 
efficient basis functions for describing the eye 's wave aberration. Even 
though there appears to be a random variation in the eye f s aberrations 
from subject to subject, many aberrations in the left eye were found to 
be significantly correlated with their . counterparts in the right eye . 
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Effect of rotation and translation on the expected benefit of an ideal 
method to correct the eye ' s higher-order aberrations. 

Guirao A; Williams D R; Cox I G 

Journal of the Optical Society of America. A, Optics, image science, and 
vision (United States) May 2001, 18 (5) pl003-15, ISSN 1084-7529 
Journal Code: 9800943 

Contract/Grant No.: EY01319; EY; NEI; EY04367; EY; NEI 

Document type: Journal Article 

An ideal correcting method, such as a customized contact lens, laser 
refractive surgery, or adaptive optics, that corrects higher-order 
aberrations as well as defocus and astigmatism could improve vision . The 
benefit achieved with this ideal method will be limited by decentration. To 
estimate the significance of this potential limitation we studied the 
effect on image guality expected when an ideal correcting method translates 
or rotates with respect to the eye f s pupil. Actual wave aberrations were 
obtained from ten human eyes for a 7 . 3-mm pupil with a Shack-Hartmann 
sensor. We computed the residual aberrations that appear as a result of 
translation or rotation of an otherwise ideal correction. The model is 
valid for adaptive optics, contact lenses, and phase plates, but it 
constitutes only a first approximation to the laser refractive surgery case 



where tissue removal occurs. Calculations suggest that the typical 
decentrations will reduce only slightly the optical benefits expected from 
an ideal correcting method. For typical decentrations the ideal correcting 
method offers a benefit in modulation 2-4 times higher (1.5-2 times in 
white light) than with a standard correction of defocus and astigmatism. We 
obtained analytical expressions that show the impact of translation and 
rotation on individual Zernike terms. These calculations also reveal which 
aberrations are most beneficial to correct. We provided practical rules to 
implement a selective correction depending on the amount of decentration . 
An experimental study was performed with an aberrated artificial eye 
corrected with an adaptive optics system, validating the theoretical 
predictions. The results in a • keratoconic subject, also corrected with 
adaptive optics, showed that important benefits are obtained despite 
decentrations in highly aberrated eyes . 
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Visual benefit of correcting higher order aberrations of the eye . 

Williams D; Yoon G Y; Porter J; Guirao A; Hofer. H; Cox I 
Journal of refractive surgery (Thorofare, N.J. : 1995) (UNITED STATES) 
Sep-Oct 2000, 16 (5) pS554-9, ISSN 1081-597X Journal Code: 9505927 
Contract/Grant No.: EY01319; EY; NEI; EY04367; EY; NEI 

There is currently considerable debate concerning the visual impact of 
correcting the higher order aberrations of the eye . We describe new 
measurements of a large population of human eyes and compute the visual 
benefit of correcting higher order aberrations. We also describe the 
increase in contrast sensitivity when higher order aberrations are 
corrected with an adaptive optics system. All these results suggest that 
many, though not all, observers with normal vision would receive 
worthwhile improvements in spatial vision from customized vision 
correction, at least over a range of viewing distances and particularly 
when the pupils are large. Keratoconic patients or patients suffering from 
spherical aberration as a result of laser refractive surgery as it is 
presently performed would especially benefit. These results encourage the 
development of methods to correct higher order aberrations. (14 Refs.) 
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Histopathology of childhood pneumonia in developing countries . 
Anderson V M; Turner T 

Reviews of infectious diseases (UNITED STATES) May-Jun 1991, 13 Suppl 
6 pS470-6, ISSN 0162-0886 Journal Code: 7905878 

Acute lower respiratory infection in children is a major cause of 
morbidity and mortality in developing countries. Viral and bacterial agents 
incite characteristic host responses at the level of the bronchi, 
bronchioles, alveolar walls, and air spaces that correlate with the 
clinical course. A systematic review of histopathologic features will 
enhance the understanding of the pathogenetic mechanisms and cofactors that 
influence the disease process, particularly how tissue injury may be 



influenced by nutritional status and access to antibiotics. Research 
priorities include immunologic assessment, micronutrient assays, and 
standardized autopsies in developing countries. DNA probes for organisms 
and immunocytochemical identification of cell markers in tissue promise a 
new era in microscopic visualization of pathogen-host interactions. 
International collaborative research between ministries of public health 
and medical universities must be encouraged as a means of providing 
technical assistance and of advancing new knowledge. Systematic 
standardized autopsy studies from multiple geographic areas may help define 
pathologic mechanisms, monitor the natural history of disease, and evaluate 
interventions in diverse populations. (42 Refs.) 
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Effects of sighting and sensory dominance on monovision high and low 
contrast visual acuity. 

Robboy M W; Cox I G ; Erickson P 

CLAO journal : official publication of the Contact Lens Association of 
Ophthalmologists, Inc (UNITED STATES) Oct-Dec 1990, 16 (4) p299-301, 
ISSN 0733-8902 Journal Code: 8302065 

We investigated the relationship between ocular dominance and monovision 

visual performance in 15 presbyopic subjects. Ocular dominance was 
determined using sighting (hole-in-the-card and mirror tests) and sensory 
(anisometropic blur suppression test) methods. Correcting the dominant 
sighting eye for a given viewing distance was found to be an unreliable 
method of optimizing blur suppression or binocular high/low contrast 

visual acuity at that distance. If there is any advantage to a particular 
strategy for selecting the distance monovision eye , it must be realized 
in vision performance areas other than visual acuity. 
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Soft contact lens-induced longitudinal spherical aberration and its 
effect on contrast sensitivity. 

Cox I ; Holden B A 

Optometry and vision science : official publication of the American 
Academy of Optometry (UNITED STATES) Sep 1990, 67 (9) p679-83, ISSN 
1040-5488 Journal Code: 8904931 

Some investigators have suggested that the poor quality of vision which 
some spherical, single vision , soft lens-wearing patients report may be a 
result of spherical aberration induced in the ocular system when a soft 
lens is placed on the eye . In this study, the longitudinal spherical 
aberration of spherical soft lenses, both on and off the eye , was 
calculated using an aspheric corneal model and two-dimensional ray tracing 
program. Specifically designed front-surface aspheric, soft lenses were 
produced which demonstrated levels of in-air power variation similar to 
that calculated for similar-parameter spherically surface lenses. The 
effect of these lenses on the visual performance of nine subjects was 
assessed by measuring changes in contrast sensitivity and high contrast 



visual acuity through 3- and 6-mm artificial pupils. Significant losses 
of contrast sensitivity were recorded for the spherically aberrated lenses 
with the 6-mm pupil but not with the 3-mra pupil. High contrast acuity was 
not affected by any of the aberrated lenses with either the 3- or 6-mm 
pupils. Theoretical calculations and the contrast sensitivity results 
indicate that negatively powered lenses produce significantly less 
spherical aberration in situ than positively powered lenses. Because the 
majority of the prepresbyopic soft lens-wearing population have low to 
moderate amounts of myopia, it would appear that soft lens-induced 
spherical aberration is unlikely to be responsible for the reduction in 

visual performance which some patients report when corrected with single 

vision soft lenses. 
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Theoretical calculation of the longitudinal spherical aberration of rigid 
and soft contact lenses . 
Cox I 

Optometry and vision science : official publication of the American 
Academy of Optometry (UNITED STATES) Apr 1990, 67 (4) p277-82, ISSN 
1040-5488 Journal Code: 8904931 

Although previous investigators have attempted to calculate the 
longitudinal spherical aberration inherent in soft and rigid contact lenses 
both on and off the eye , the use of inappropriate assumptions on which to 
base their calculations has left the problem unresolved. In this study, the 
longitudinal spherical aberration of both soft and rigid contact lenses was 
calculated surface by surface both in air and on the eye using a 
two-dimensional, exact ray tracing program. The erroneous assumptions made 
by previous investigators were avoided by using an elliptical model for the 
anterior corneal surface and assuming that the posterior surfaces of soft 
lenses aligned exactly with the anterior corneal surface after flexure onto 
the eye . The results demonstrated that, with a 6-mm pupil, contact lenses 
induce significant levels of spherical aberration in the ocular system for 
soft lenses of back vertex power greater than +3.00 D or -6.00 D and for 
rigid lenses of powers more positive than -3.00 D. It is suggested that 
visual disturbance due to induced spherical aberration has not been a 
major clinical problem in the past because these conditions fall outside 
those experienced by a large proportion of the contact lens-wearing public. 
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Effect of eye patching on the overnight corneal swelling response with 
rigid contact lenses . 

Cox I ; Ames K 

Optometry and vision science : official publication of the American 
Academy of Optometry (UNITED STATES) Apr 1989, 66 (4) p207-8, ISSN 
1040-5488 Journal Code: 8904931 

In this study, 23 subjects wore a rigid extended wear (EW) lens overnight 
with a light pressure patch covering the eye while 19 subjects wore the 



same type of lens without patching. Corneal thickness measurements taken 
immediately upon awakening showed no significant difference in corneal 
swelling between the two groups. This result indicates that light pressure 
patching does not significantly affect the overnight corneal swelling found 
with rigid EW lenses, and it suggests that lagophthalmos during contact 
lens wear does not contribute significantly to the oxygen reaching the 
cornea during the closed- eye phase of overnight swelling studies. 
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